after radical gastrectomy in Japanese patients with gastric adenocarcinoma.
The concept of resection of the organ in which a neoplastic process takes origin en-bloc with potentially invaded lymph nodes and soft tissues was introduced by Logan 40 years ago to treat cancers of the esophagus and cardia [19] . Over time, this technique, which results in a real skeletonization of the operative field as seen in textbooks of anatomy, was revealed to provide esophageal cancer patients with a higher chance for a longterm favorable outcome than that offered by simple esophageal resection [20, 21] .
In this setting, it was interesting to see if the application of the en-bloc concept (skeletonizing enbloc gastrectomy; SEBG) to Caucasian patients with adenocarcinoma of the stomach by a surgical team having a large experience of radical esophageal resection for cancer [20, 22] could yield survival rates similar to those achieved by Japanese surgeons after extended lymph node clearance of the upper abdominal floor.
Patients and methods

Patients
Over a 17-year period, from 1984 to 2001, 251 consecutive patients underwent a gastrectomy for neoplastic disease of the stomach at the Academic Hospital of the Université Catholique de Louvain (UCL). Of these 251 patients, 216 (125 men and 91 women, aged 21 to 88 years [mean, 63.4 years]) had an adenocarcinoma. Seventy-four patients (34%) were aged 70 years or more. From a clinical standpoint, the 216 patients were classified into three categories according to the clinical classification of the American Society of Anesthesiologists (ASA) [23] : ASA 1 (n ϭ 42), ASA 2 (n ϭ 113), and ASA 3 (n ϭ 61). From a macroscopic standpoint, the tumor was centered on the upper, middle, and lower part of the stomach in 18, 57, and 131 patients, respectively. Ten patients had an adenocarcinoma that had developed in the gastric stump of a previous distal gastrectomy. From a histologic standpoint, 200 tumors were undoubtedly classified according to Lauren [24] into intestinal (n ϭ 124), or diffuse (n ϭ 76) types. It was difficult for our pathologists to classify the 16 remaining tumors into either of the Lauren's histologic types with certainty because of poor differentiation of the lesion.
Surgical technique
The basic principle of the surgical technique was the removal of the stomach en-bloc with the potentially invaded locoregional lymph nodes and soft tissues, so that a single block of tissue was given to the pathologist and immediately immersed in formalin. As far as macroscopically complete resection of the neoplastic process was feasible, dissection was carried out flush with the wall of the anatomic structures in the vicinity of the stomach rather than close to the gastric wall itself. At this point, the vascular pedicles to the stomach were ligated and divided at their origin. All lymph nodes and soft tissues in the hepatoduodenal ligament, and along the celiac axis, the common hepatic artery, the splenic artery and vein at the upper border of the pancreas, the left aspect of the portal vein, the anterior aspect of the inferior vena cava, and the anterior aspect of the left adrenal gland were removed en bloc. Dissection of the tail of the pancreas sometimes required removal of the splenic artery [25] . Lymph node clearance of the left side of the upper abdominal floor included splenectomy (or not). The transverse colon or mesocolon, or the tail of the pancreas, were included in the block whenever they were invaded by the neoplastic process. As a consequence, all the anatomic structures in the upper abdominal floor were skeletonized, so that at the end of the procedure the surgical field resembled that seen in anatomic plates.
In contrast, dissection was performed close to the gastric wall without any attempt to remove locoregional lymph nodes, as soon as it was obvious that a macroscopically complete resection was not feasible, and in some debilitated patients operated on with a palliative intent.
In practice, gastrectomy was total in 143 patients (66%), whereas it was subtotal in 72 (33%). One patient with very poor general condition had a wedge resection of the gastric wall only. The percentage of total gastrectomies decreased from the group of patients with a tumor arising in the gastric stump of a previous distal gastrectomy (10/10; 100%) or those with an upper-third tumor (18/18; 100%) to those with a middle-third tumor (49/57; 86%), and those with a lower-third tumor (66/ 131; 50%). Splenectomy was performed in 90 patients (42%), and the transverse colon or mesocolon, the tail of the pancreas, and a diaphragmatic patch were removed in 4, 9, and 1 patients, respectively.
After total gastrectomy, digestive continuity was restored, using either a 60-cm Roux-en-Y jejunal loop [26] (n ϭ 85) or a 60-cm jejunal loop interposed between the esophagus and duodenum (n ϭ 58). After subtotal gastrectomy, the upper G-I tract was reconstructed using one of three procedures, B1 gastroduodenostomy (n ϭ 20), B2 gastrojejunostomy (n ϭ 43), or gastrojejunostomy according to the Holt technique (Holt and Large [27] ) (n ϭ 9). Esophagojejunal anastomoses were performed using either a single-layer running-suture technique (n ϭ 110) or a circular stapling device (n ϭ 33). In the same way, duodenojejunostomy was either handsewn (n ϭ 34) or stapled (n ϭ 24). All the other anastomoses were hand-sewn. All the operations were done by or under the direct supervision of either of the two senior authors (J.M.C. or P.J.K.).
Data analysis
Data relating to the feasibility of SEBG were analyzed according to tumor location in the stomach; histologic type at postoperative microscopic examination of the specimen; depth of wall penetration based on the T factor, and patient sex, age (Ͻ70 or Ն70 years), and clinical stage in the ASA classification. Two-tailed 2 or Fisher exact tests were used for comparison of categoric variables with a P value of less than 0.05.
Patients who underwent surgery more than 5 years previously were followed either until the date of death or for at least the 5 years after surgery, whereas the more recent patients were followed until either the date of death or January 2002. Only one patient (0.4%) was lost to follow-up. Five-year survival rates were calculated according to radicality of the operation (SEBG versus PG); patient sex, age, and stage in the ASA classification; tumor location in the stomach; histologic type at microscopic examination of the resected specimen; extent of the gastrectomy (total versus subtotal); performance of a splenectomy or not; and T and N factors. Neoplastic processes that were resected in totality in spite of the presence of metastatic lymph nodes in the resected specimen were subclassified further depending on whether fewer than five or five or more of the resected lymph nodes were invaded. This subclassification allowed a comparison of the survival rates achieved in the present series of gastric adenocarcinoma patients with the previously published survival rates in our patients operated on for esophageal adenocarcinoma [20, 22] . Survival curves were established according to the Kaplan-Meier method and compared using the log rank or Cox F-tests, with a P value of less than 0.05. The Cox proportional hazard test was used for multivariate analysis.
Results
Feasibility of SEBG
SEBG was performed in 160 patients (74%), whereas 56 patients (26%) had a palliative gastrectomy (PG), because the neoplastic process could not be removed in totality from a macroscopic standpoint (n ϭ 48) or because the existence of a poor general status precluded extended surgical dissection (n ϭ 8). The prevalence of so-called early carcinoma (T1N0) among the 160 patients undergoing SEBG was 32.5%. The prevalence of neoplastic processes with metastatic lymph nodes in these 160 patients increased from 13% in T1 tumors to 48%, 62%, and 100% in those classified as T2, T3, and T4, respectively (P Ͻ 0.001).
As shown in Table 1 , the feasibility rate did not differ significantly according to patient sex; tumor location in the stomach; and histologic type. In contrast, the feasibility rate was influenced significantly by patient age (P ϭ 0.002) and ASA stage (P ϭ 0.05), and above all, by the depth of wall penetration (P Ͻ 0.001), so that it dropped from 97% in T1 tumors to 91%, 65%, and 17% in those classified as T2, T3, and T4, respectively.
Postoperative outcome
Two patients (0.9%) died during the postoperative inhospital stay, one of Addisonian shock and the other of sepsis secondary to anastomotic leakage. Sixty-seven complications developed in 56 patients (26%) ( Table 2) . A pancreatic fistula occurred in 24 patients, and all these were treated by simple drainage and IV administration of Somatostatin (UCB, Braines, Belgium). An anastomotic fistula occurred in 6 of the 143 patients (4%) with an esophagojejunal anastomosis.
Survival
The 5-year survival rate, including the two postoperative deaths, was 48% for the whole series of 216 patients, 66% for the 160 patients who underwent SEBG, and 0% for the 56 patients operated on with a palliative intent (Fig. 1) .
Considering the 160 patients operated on using the SEBG technique, univariate analysis indicated (Table  3 ) that the 5-year survival was not significantly affected by patient sex, age (Ն70 or Ͻ70), and ASA stage; tumor location in the gastric pouch; histologic type; the type of gastrectomy (total vs subtotal); and performance of a splenectomy or not. In contrast, the 5-year survival rate ASA, American Society of Anesthesiologists was significantly higher (P ϭ 0.008) in patients with normal lymph nodes (75%) than in those with metastatic nodes (54%). In addition (Fig. 2) , the 5-year survival rate in patients with fewer than five metastatic lymph nodes in the resected specimen (62%) did not significantly differ (P ϭ 0.246) from that in nodenegative patients (75%), but survival in the former subgroup (62%) was significantly higher (P ϭ 0.018) than that in the subgroup of patients with five or more metastatic lymph nodes (39%). Likewise, the 5-year survival dropped significantly (P Ͻ 0.001) according to the T factor (T1, 86% vs T2, 62% vs T3, 48%). However, multivariate analysis indicated that lymph node involvement (N0 vs Nϩ) and its magnitude (N0 vs Nϩ, Ͻ5 nodes vs Nϩ, Ն5 nodes) were the only factors to influence long-term survival significantly (P ϭ 0.018 and P ϭ 0.002, respectively). Nine patients 7 classified as N0 (7/92; 8%) and 2 classified as Nϩ (2/68; 3%) died of an unrelated cause within the 5 years following SEBG. Consequently, the cancer-related survival 5 years after SEBG was 71% for the whole group of 160 patients, and it was 82% for patients with normal lymph nodes versus 56% for those with metastatic lymph nodes (P Ͻ 0.001).
Discussion
Patients with an adenocarcinoma of the stomach belong to two distinct categories. On the one hand, about onequarter of patients seek consultation at a time when the neoplastic process has already spread beyond the limits of resection or their general status is so poor that the only reasonable treatment consists of removal of the organ containing the primary lesion. For want of providing longterm survival and cure, palliative gastrectomy is a valuable therapeutic tool that allows restoration of a free passage for feeding, or for anticipation of upper G-I obstruction or bleeding. On the other hand, about three-quarters of patients fullfil intraoperative conditions for a radical surgical procedure that aims to eradicate the underlying neoplastic disease [28] . In this respect, the present study shows that SEBG can be performed irrespective of the histologic type of the primary and of its location in the stomach, with the feasibility rate depending mainly on the depth of wall penetration. The lower feasibility rate in elderly patients and in those in stage 3 of the ASA classification shows that many delibitated, elderly people seek consultation late in the course of the neoplastic process.
Resection of the stomach en bloc with potentially invaded locoregional lymph nodes provides two-thirds of those patients with a chance of a longterm survival. The longterm outcome after skeletonization of the main anatomic structures in the upper abdomen is closely related to both the lymph node involvement and its magnitude [4] . Indeed, the 5-year survival rate in the current series dropped from 75% in the presence of a neoplastic process limited to the gastric wall to 62% in the presence of fewer than five metastatic lymph nodes and to 39% when this number was equal to or greater than five. The fact that the difference in survival between patients with no lymph node involved and those with fewer than five metastatic lymph nodes did not reach statistical significance indicates that SEBG is a technique that enables the surgeon to circumbscribe a large proportion of those neoplastic processes with a limited extragastric component [29, 30] . These figures are quite similar to those reported by our Japanese colleagues after gastrectomy with very extended lymph node clearance of the upper abdomen [1] [2] [3] 13] . For instance, comparison of the current series of Caucasian patients with the large series of 1475 patients treated at the National Cancer-Center, Tokyo [28] indicates (Fig. 3) that the 5-year survival in both series is quite similar in patients with metastatic lymph nodes and in those with a transmural tumor. The trend for a slightly worse prognosis in Caucasian patients with N0 disease probably highlights the higher prevalence of early cancer (T1N0) in the Japanese series and the fact that 8% of our patients with normal lymph nodes died of an unrelated cause before the term of 5 years after the operation, so that the raw survival rate of 75% after 5 years reflected in fact, a cancer-related survival rate of 82%.
The achievement in Caucasian patients of survival rates similar to those obtained in Japanese patients lies in the application of the principles of surgical dissection used by our Far Eastern colleagues for years [1] . Skeletonizing en-bloc gastrectomy (SEBG) requires meticulous histologic dissection, great care to handle the anatomic structures in the operative field, and awareness from the surgeon so that the prognosis of the disease is related strictly to both the quality and completeness of the surgical dissection. However, such a histologic dissection may be more difficult in some Cau- * P values when independent variables tested were T factor and lymph node involvement; ** P values when independent variables tested were T factor and magnitude of the lymph node involvement casians than in most Asians, because of the existence of less favorable anatomic conditions in the former patients than in the latter [18, 31] . Another explanation for the encouraging results in our series might be that all the operations were performed by or under the direct supervision of senior surgeons having a large experience of skeletonizing en-bloc esophagectomy for cancer [20, 22] .
In this regard, there is a big difference between patients undergoing an en-bloc resection for gastric cancer and those having an operation based on the same principles for an adenocarcinoma of the esophagus or cardia. Indeed, unlike the very few esophageal cancer patients (7% in our own series [22] ), almost 40% of our current patients who underwent a skeletonizing en-bloc resection for a gastric cancer and who had five or more metastatic lymph nodes could anticipate long-term survival. This observation indicates that local control of the neoplastic disease is much easier for a gastric adenocarcinoma that invades only the upper abdominal lymph nodes [30] than for an esophageal adenocarcinoma that spreads into cervical, thoracic, and abdominal lymph nodes [32] .
Although 28% of our patients were in stage 3 of the ASA classification, very radical surgery for gastric cancer could be done with negligible postoperative mortality and acceptable morbidity. This observation confirms data from other Western surgical teams [4, 7, 18] and does not support the concept of performing nonradical operations for the sole purpose of minimizing postoperative morbidity and mortality [8] . The use of a computer program, such as the one developed by Maruyama and colleagues (Bollschweiler et al. [33] ) from the analysis of more than 3000 resected specimens, allows reliable preoperative estimation of the lymph node involvement and restriction of the lymph node dissection to the potentially invaded stations rather than skeletonizing all the anatomic structures in the upper abdomen blindly. Selective dissection should be particularly valuable in debilitated patients who are at low risk for having metastatic lymph nodes along the splenic vessels so that the morbidity linked to the dissection of the tail of the pancreas can be avoided [26, 34] . On the other hand, considering the fact that the longterm prognosis of antral adenocarcinomas did not depend on the upward extent of the gastric resection [10] , and that almost all anastomotic fistulas occurred at the level of the esophago-jejunal anastomosis after total gastrectomy, subtotal gastrectomy with maintenance of a gastric cuff [35] is a relevant procedure in patients with an antral lesion.
In conclusion, SEBG performed by experienced surgeons in Caucasian patients with gastric adenocarcinoma can yield survival rates similar to those reported by leading Japanese surgical teams. However, the fact that about half the patients operated on for a gastric adenocarcinoma and one-third of those who underwent a potentially curative gastrectomy died within the 5 years following the operation, despite an agressive surgical approach, stresses the need for establishing effective adjuvant treatments after this type of surgery. The recent publication of encouraging data after nonradical gastrectomy plus radio-chemotherapy in American patients [9] should incite leading surgical teams to start prospective trials based on the SEBG technique. 
